Speculation
This work shows no difference in the replicative ability of fibroblasts obtained from normal or CF patients when exposed to spermidine or spermine. We cannot relate the results of this study to recent reports of increased blood cell polyamine levels in cystic fibrosis, but examination of cellular uptake and metabolism of polyamines may allow us to do so in the future.
The aliphatic polyamines, spermidine and spermine, as well as their metabolic orecursor. 1.4-diaminobutane (vutrescine), have . . been recognized ;or their growth-stimulating prdperties (9,'16, 32, 36) . However, polyamines have been shown to exhibit cytotoxic effects, specifically upon the tubercle bacillus (19) , bacteria (31) , and cultured eukaryotic cells including K B cells (17) , hamster fibroblasts and mouse embryo cells (26) , Ehrlich ascites cells (6), P-1534 and L-1210 mammalian cells (4) , and Walker carcinosarcoma cells (13) . These studies, along with others which correlate polyamine content with cellular proliferative activity (1 1, 20, 33) , suggest a significant role for polyamines in growth regulation.
Polyamines may be of etiologic significance in CF. This recessive pediatric disease presents with abnormally viscous glandular secretions causing variable amounts of obstruction and damage to organs such as the pancreas, lungs, liver, and salivary glands. The increased sweat salinity of C F individuals provides a maior diagnostic criterion (12) . These and other clinical observations havesuggested that thk fundamental physiologic defect of the disorder is associated with abnormalities in the Drocess of secretion by exocrine glands (22) . Unfortunately, the basic molecular defect remains unknown. However, the membrane-active nature of polyamines (16, 24) , along with their resemblance to the so-called C F factors (5) , has spurred interest in a possible relation of polyamines to CF. Recent reports of abnormal polyamine levels in C F patients (30) suggest an altered metabolism for polyamines in this disease. If this is true, fibroblasts from C F patients may exhibit a reduced ability to tolerate the addition of exogenous polyamines to their growth media in vitro. Whether or not the C F fibroblast in culture manifests a differential toxicity of polyamines compared with normal cell strains is the question to which this study addresses itself.
MATERIALS A N D METHODS
Fetal calf serum, nutrient media F-12, trypsin, and penicillin/ streptomycin were obtained from Gibco (37) and spermidine trihydrochloride and spermine tetrahydrochloride from Sigma Chemical Co. (38) . Petri dishes were purchased from Falcon Plastics (39) .
The C F fibroblast strains used in this study were established from skin biopsies of patients with clinically proven cystic fibrosis. These strains were numbered 6, 36, and 129. Normal or control cell strains 16, 18, and 85 were obtained from unaffected individuals who, as far as could be determined by history, were not carriers of C F or other inherited diseases. These strains matched the C F strains in terms of the age of donor and passage number (less than five). The details of cell storage and routine culture, monitoring for mycoplasma, and reagent preparation have been previously described (29) . Subconfluent cultures were trypsinized and 2 x lo4 cells, suspended in 2 ml F-12 plus 15% fetal calf serum, were plated onto a number of P-35 tissue culture dishes. The following day, designated day 0, the number of cells that attached to the growing surface (per dish) was determined by counting washed, trypsinized cells in a mode! B Coulter counter. On this day and the subsequent 2 days, designated days I and 2, the cells were re-fed with either regular media or media containing specified amounts of polyamines (see figure legends). The inhibitory effect of the polyamines on the proliferation of control and cystic fibrosis cells was determined by daily counting of duplicate dishes over a period of 3 days.
Percentage of proliferation was determined by dividing the number of cells grown at an experimental concentration by the number of cells in the control dish of that cell strain on that day. These values were plotted on log paper and the average concentration of a polyamine causing a 50% inhibition of proliferation (ID,,) was obtained a t the intersection of this line with that of 50% proliferation. The fractional change in cell number was determined by dividing the number of cells found for a particular strain on day 1 , 2, or 3 by that strain's own day 0 cell count. This ratio was computed for each of five polyamine concentrations on each of 3 days. Means and standard deviations of these values for each of three normal and three C F cell strains were tabulated. For each concentration of spermidine or spermine, the percentage of the control count on day 3 was also computed. Table 1 shows the fractional change in cell numbers for each of the three normal and three C F cell strains at the different spermidine concentrations on days 1, 2, and 3 of the experiment. Table 2 provides similar information for spermine. For both spermidine and spermine, none of the average fractional changes for normal cell strains differs significantly (P > 0.05) from the average fractional changes for C F cell strains. This is true of all five concentrations on all 3 days.
RESULTS

Figure
In Figure 2A , the means and standard deviations of the percentages of the day 3 control cell count for three C F and for three normal cell strains are plotted against the log of the concentration of spermidine. Figure 2B shows a similar graph for spermine. Plots for days I and 2 resemble those for day 3, only with less negative slopes. Figure 2 , A and B, graphically presents the similarity with which C F and normal cells are affected by polyamines. Table 3 gives the ID,, values for spermidine after 1, 2, and 3 days of exposure. Results are presented as means standard deviations for three strains each of normal and C F cells. Table 4 shows similar results for spermine. Note that the ID,, values for spermidine and spermine decrease with the duration of polyamine feeding. Again, C F cells do not differ significantly (P > 0.05) from normal cells in average ID,, values for spermidine or spermine.
If the ID,, values for each of the normal and C F cell strains are combined and averaged, then each day's average ID,, for spermidine can be compared with that day's average ID,, for spermine. If this is done, spermine's average ID,, is found to he significantly less (P < 0.01) than spermidine's for each of the 3 days, indicating that spermine is more toxic to both types of cells than spermidine. The average ratio of the ID,, for spermidine to the ID,, for spermine is 2.8.
DISCUSSION
The inhibition of cell growth by polyamines has been studied in different cells under different conditions. Alarcon et al. less inhibitory for fibroblasts' growth when Eagle's minimum essential medium ( M E M ) and 15% calf serum or fetal calf serum was used than when F-12 media was used (8) . This may reflect the fact that M E M contains no putrescine, whereas F-12 medium contains M putrescine, although the extent of conversion of putrescine to spermidine by fetal calf serum is unknown. Alternatively, other differences between M E M and F-12 media might account for the differential effect upon spermidine's toxicity to fibroblasts.
The reason for the inhibitory effect of polyamines on cellular proliferation remains unclear. Past investigations emphasize the requirement for a diamine oxidase in order for the toxic effects of polyamines to be observed (4, 18). They suggest that oxidized This paper studies the toxicity of spermidine and spermine to provide reactive aldehydes toxic to cell growth (6) . Calf serum human fibroblasts as gauged by the gross parameter of cell number contains a diamine oxidase which forms aldehydes from the term-(see figures and tables). We did not attempt to correlate exogenous inal -C H 2 C H 2 C H z N H s g r o~p~ of polyamines (7, 34, 35) . Investiwith endogenous polyamine concentration, or with specific mor-gations to determine whether an inhibitor of this diamine oxidase phologic, biochemical, or functional impairments, Toxicity to can relieve polyamine toxicity to growth are being conducted in this laboratory. Alarcon (2) has further suggested that acrolein stationary cultures was not investigated. Although findings ob- effect of speirnidine on normal and C F fibroblasts was found to be "ct of oxidized spermine or spermidine. He identified acrolein in similar for F-12 with 5% calf serum and 10% fetal calf serum under fetal calf serum incubated with spermidine or spermine at 37' for an altered feeding regimen (8) . Spermidine was also found to be 6 hr (2). Kimes and Morris (21) supported the contention that acrolein is a breakdown product of oxidized polyamines, and acrolein has been put forth as a universal cell growth inhibitor (3) . Whether the oxidized polyamine itself or its alleged product, acrolein, is the toxic substance, stoichiometry predicts that spermine will produce twice the inhibition of growth that spermidine does. Indeed, this effect obtains in our study (Tables 3 and 4) .
Although putrescine apparently promotes growth of cultured fibroblasts and other mammalian cells (14, 15, 27, 28) , its metabolic products, spermidine and spermine, inhibit fibroblast proliferation at concentrations greater than lo-' M. This suggests that there is a concentration of polyamines optimal for proliferation and that polyamines are both positive and negative regulators of growth as they approach or exceed that optimal concentration.
In these studies \ke found no difference in the effects of polyamines upon normal and CF fibroblasts. Recent reports of abnormal* whole blood polyamine levels in patients with cystic fibrosis (5, 10, 23, 25, 30) have indicated that polyamines are increased in blood cells and not in serum. Since our studies did not include an investigation of the entrance of polyamines into cells of any kind, no comparison can be drawn between our in vitro experiments and in vivo conditions. We can say, however, that cultured fibroblasts from patients with cystic fibrosis do not differ from those of normal patients in their susceptibility to exogenous polyamines' toxicity.
SUMMARY
Spermidine and spermine at concentrations greater than lo-' M were found to inhibit proliferation of human fibroblasts in vitro. N o difference was observed between normal cells and those d-rived from patients with cystic fibrosis.
